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Abstract

The aim of this study was to validate the Pittsburgh Fatigability Scale in three different groups:
adults with multiple sclerosis (7= 65), fibromyalgia (7= 64), and healthy adults (/7= 86).
Participants completed the Pittsburgh Fatigability Scale and other self-report measures. While
findings supported the internal consistency of the Pittsburgh Fatigability Scale (all Cronbach’s
alpha = 0.85), standard error of measurement estimates were larger than hypothesized. In addition,
while item-level reliability was generally supported, item-total correlations for two items were
lower than expected. Convergent and discriminant validity were supported, and the Pittsburgh
Fatigability Scale was able to distinguish between individuals with and without chronic disease.
Overall, the Pittsburgh Fatigability Scale exhibited acceptable psychometric properties.
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Fatigue can have a negative impact on the health-related quality of life (HRQOL), functional
ability, and mortality of older adults and those with chronic medical conditions (Amato et
al., 2001; Avlund et al., 2001; Bakshi et al., 2000; Fishbain et al., 2003; Humphrey et al.,
2010; Janardhan and Bakshi, 2002; Kroencke et al., 2000; Krupp et al., 1988; Vestergaard et
al., 2009). In fact, fatigue is one of the highest ranked problems for persons with
fibromyalgia (FM) (Bennett et al., 2007; Mease et al., 2008; Wolfe et al., 1995a, 1995b) and
multiple sclerosis (MS) (Finlayson et al., 1998; Fisk et al., 1994; Freal et al., 1984; Krupp et
al., 1988; Merkelbach et al., 2002; Yorkston et al., 2012). Although there is an extensive
body of research examining fatigue across different clinical conditions, a newer concept,
“fatigability,” (Eldadah, 2010; Murphy and Schepens Niemiec, 2014) has gained influence
in the literature. This concept, which encompasses perceived fatigue in the context of
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performance, such as one’s usual activities (Murphy et al., 2017), was developed to help
explain discrepant findings in the broader fatigue literature. Findings regarding the
relationship between fatigue and age are mixed: some studies report that fatigue increases
with age (Beutel et al., 2002, 2004; Cheng et al., 2008), some report no association (Hickie
et al., 1996; Liao and Ferrell, 2000), and still others report that fatigue decreases with age
(Bardel et al., 2009; Fuhrer and Wessely, 1995; Junghaenel et al., 2011; Lerdal et al., 2005;
Stone et al., 2008). The concept of perceived fatigability (or the association of perceived
fatigue and level of activity) could provide a potential explanation for these disparate
findings (Eldadah, 2010). When the activity level is taken into account in the fatigue
experience, a better understanding of how fatigue impacts daily function emerges. For
example, two older adults may report a similar high fatigue severity but have very different
levels of fatigability. One older adult may have a high level of fatigue despite doing limited
physical activity, while another older adult may report the same level of fatigue but
participate in many activities. Thus, understanding a person’s fatigability level is important
for identifying who may benefit from treatment and specific areas to address. As such, a
better understanding of fatigability can help guide the timing and selection of therapies
designed to target fatigue in clinical practice.

Recently, a patient-reported outcome (PRO) measure of perceived fatigability, the Pittsburgh
Fatigability Scale (PFS) (Glynn et al., 2015), was developed to assess this construct in older
adults. The PFS consists of two subscales, Physical Fatigability and Mental Fatigability,
which measure perceptions of physical and mental fatigue relative to participation in
different activities. Initial development work for this 10-item scale indicates good
psychometric properties in older adults (i.e. adults aged 60 years and older), very good
internal consistency reliability (Cronbach’s alpha = 0.88), and very good test-retest
reliability (intraclass correlation = 0.86). Known group validity is also supported for the
Physical Fatigability subscale (significant differences in scores between those with high vs
low performance fatigability, slow vs normal gait speed, worse vs better physical function,
and lower vs higher levels of fitness). However, while this developmental work is promising,
it is incomplete. First, reliability data (internal consistency and test-retest) are reported only
for the full 10-item scale (presumably a “total score™), even though the final
recommendations indicate that the PFS yields two separate scores with no mention of
calculating a total score. Second, known group validity was only examined for the Physical
Fatigability score. In addition, prior development work has focused solely on older adults
with no psychometric data to support or refute the clinical utility of this measure in chronic
conditions where high levels of fatigability are common (Dobkin, 2008; Finsterer and
Mahjoub, 2014; Kluger et al., 2013; Sandvig et al., 2015). Moreover, published data
regarding the PFS in independent samples (i.e. outside the initial development work) are
scarce. To our knowledge, only two other studies have examined this measure. The first
study focused on the validation of a Spanish version of this measure (Perez et al., 2018),
while the second study (in older adults) found that older adult women reported greater
fatigability than older adult men and that body mass index and interleukin-6 were associated
with fatigability (Cooper et al., 2018). While these limited data would indicate that the PFS
may be a clinically useful tool, data are not yet available to support its utility in specific
clinical populations.
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This report aims to provide more robust examination of the psychometric properties of the
PFS across three different populations that commonly experience fatigue: adults from the
healthy aging population (healthy adults) and adults with MS or FM. A second objective is
to characterize fatigability in these different populations. In order to establish the clinical
utility of the PFS in adults with MS, FM, and healthy adults, we examined floor and ceiling
effects, internal consistency reliability, convergent and discriminant validity, and known
group validity for persons in these groups.

Participants with a physician-confirmed MS (based on medical record review), FM
confirmed using the Fibromyalgia Survey Questionnaire (Wolfe et al., 2011) according to
the 2016 American College of Rheumatology criteria (Wolfe et al., 2016), and adult
participants designed to represent a healthy aging group were recruited for participation in
this study. A designated study coordinator contacted eligible participants and invited them to
participate. Study participants had to be =18 years of age and able to read and speak
English. Study participants were excluded if they reported an illness within the past 2 weeks.
Participants with MS were excluded if they reported an MS relapse within 30 days of
screening. Recruitment included multiple existing research registries, a university-based
recruitment website (www.UMHealthresearch.org), and community outreach. All study
procedures and data collection occurred with approval from and in accordance with local
institutional review board (IRB) guidelines. Informed consent was obtained from all
participants.

Pittsburgh Fatigability Scale

The PFS (Glynn et al., 2015) was developed to measure the physical and mental fatigue that
a participant feels or would expect to after doing a particular activity. Each item is answered
with regard to physical fatigue and mental fatigue regardless of whether the participant
actually participates in that activity. Both the Physical Fatigability and Mental Fatigability
scores range from 0 to 50, with higher scores indicating more fatigue.

Patient-Reported Outcomes Measurement Information System

For the current study, the Patient-Reported Outcomes Measurement Information System
(PROMIS; Cella et al., 2007, 2010; Gershon et al., 2010) Fatiguegy, Profile short form
(Kratz et al., 2016), which consists of four subdomains including Fatigue Experience, Social
Impact, Motivational Impact, and Cognitive Impact; PROMIS Cognitive Function, which
measures self-reported thinking and memory ability; PROMIS Physical Function, which
measures capability of performing activities that require the use of upper and lower
extremities; and PROMIS Sleep Disturbance, which measures perceptions of sleep quality,
were administered (Cella et al., 2007, 2010; Gershon et al., 2010). PROMIS scores are on a
Tmetric with a mean of 50 (standard deviation (SD) = 10), with higher scores indicating
more of the associated construct (higher scores for positively worded concepts indicate
better function—better physical or cognitive function, whereas higher scores for negatively
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worded constructs indicate worse function—worse fatigue or sleep disturbance). These
measures were administered to assess convergent/ discriminant validity of the PFS domains.

Fatigue Severity Scale

The Fatigue Severity Scale (FSS; Krupp et al., 1989) is a self-report measure of fatigue. FSS
scores range from 9 to 63; higher scores indicate more fatigue (Krupp et al., 1989). This
measure was used to determine the convergent validity of the PFS domains.

Epworth Sleepiness Scale

The Epworth Sleepiness Scale (ESS; Johns, 1991) assesses feelings of daytime sleepiness.
Scores range from 0 to 24, with scores of 0-10 indicating normal daytime sleepiness, 11-12
indicating mild excessive daytime sleepiness, 13-15 indicating moderate excessive daytime
sleepiness, and =16 indicating severe excessive sleepiness (Johns, 1991). This measure was
used to determine the discriminant validity of the PFS domains.

Generalized Anxiety Disorder 7-item Scale

The Generalized Anxiety Disorder 7-item scale (GAD-7; Spitzer et al., 2006) measures
general feelings of anxiety over the past 2 weeks. Scores range from 0 to 21, with scores
between 5 and 9 indicating mild anxiety, 10 and 14 indicating moderate anxiety, and =15
indicating severe anxiety (Spitzer et al., 2006). This measure was used to determine the
discriminant validity of the PFS domains.

Personal Health Questionnaire Depression Scale

The Personal Health Questionnaire Depression Scale (PHQ-8; Kroenke et al., 2009) is used
to measure depressed mood over the past 2 weeks. Scores range from 0 to 24, with scores
greater than 10 indicating moderate levels of depression and scores =20 indicating severe
levels of depression (Kroenke et al., 2009). This measure was used to determine the
discriminant validity of the PFS domains.

Study procedures

Self-report surveys were administered using a web-based platform: REDCap (Research
Electronic Data Capture; Harris et al., 2009).

Compliance with ethical standards

All data were collected in accordance with and approval of the University of Michigan
Institutional Review Board; participants provided informed consent prior to study
participation.

Statistical analyses

For each of the three groups (i.e. MS, FM, and healthy adults), demographics were
compared using analysis of variance (ANOVA) or chi-square (Fisher’s exact test (Fisher,
1922) when expected cell counts < 5) analysis.
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Cronbach’s alpha coefficients were also calculated to determine internal consistency of the
PFS (minimal acceptable criteria > 0.70 (Cronbach, 1951)) for both the overall sample as
well as within each group. From the Cronbach’s alpha coefficient, standard error of
measurement (SEM), or the amount of variance between one’s predicted score, and their
true score were calculated using the formula: (Cohen and Swerdlik, 2010; Tavakol and
Dennick, 2011; Weir, 2005).

SEMs are presented in percentages (SEM divided by the mean of all observations x 100) for
easier interpretability (Flansbjer et al., 2005). SEM percentages less than 10 percent indicate
good reliability (Flansbjer et al., 2005; Liaw et al., 2008). Floor and ceiling effects, defined
as percent of participants who answered either 0 (no fatigue) or 5 (extreme fatigue) for all 10
items, were calculated (minimum acceptable criteria < 20%) (Andresen, 2000; Cramer and
Howitt, 2004). For item-level reliability, item-total (i.e. item-sub-scale score) correlations
should be =0.70 (Cronbach, 1951). Item-level reliability for Cronbach’s alpha using the “if
item were deleted” method should be less than or equal to the domain score after an item is
deleted (Yu, 2001).

To support convergent and discriminant validity, Pearson correlation coefficients between
the PFS and other comparator domains were calculated. Correlations between the PFS and
similar constructs (i.e. fatigue) should be high (0.60-0.80) but should not exceed 0.80
(which would be indicative of too much overlap (Campbell and Fiske, 1959)). Correlations
between the PFS and other domains should be small to moderate (i.e. 0.30-0.59) (Campbell
and Fiske, 1959).

Known group validity was assessed by comparing PFS Physical and Mental Scores between
the FM, MS, and healthy aging groups using one-way ANOVA. As participant gender and
age were expected to affect fatigability (Beutel et al., 2002, 2004; Cheng et al., 2008;
Cooper et al., 2018), these variables were added to each model as covariates. Least-squared
means and standard errors were calculated for each of the groups and compared using
Bonferroni post hoc analyses. We expected the MS and FM groups to have more mental and
physical fatigue than the healthy aging group. Partial eta-squared effect sizes (np?) were
calculated to determine the amount of variance in fatigability explained by group
differences; np? sizes of 0.01 were considered small, 0.06 was considered moderate, and
0.14 was considered large (Cohen, 1969).

Two-hundred fifteen individuals with MS (7= 65), FM (n= 64), and a group of healthy
adults (7= 86) completed study measures (Table 1). The average age of the sample was 53.6
years (SD = 16.4); approximately 81.2 percent were White and 93 percent were identified as
non-Hispanic/Latino. For the FM and MS groups, the average time since diagnosis was 12.7
years (SD = 9.2). There were differences between the three groups with regard to gender; the
group of healthy adults had a greater proportion of males (32.6%) than either the FM group
(10.9%) or the MS group (15.4%; Xz =12.1; p=0.0024). There were significant differences
with regard to education; the FM group had fewer participants who were college/
professional school graduates (Fisher’s exact test p = 0.04). Furthermore, the MS group had
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a higher proportion of married individuals and fewer single, never married participants than
the other two groups (Fisher’s exact test p = 0.0025). In addition, the FM group had a higher
number of comorbid conditions (M= 2.3; SD = 1.7) than those with MS (M= 1.1; SD=1.5)
or healthy adults (M= 1.1; SD=1.3; A2, 212) = 13.6; p< 0.0001).

Internal consistency was good for both Physical and Mental Fatigability scores for all three
groups and the full sample (minimum a = 0.85; Table 2). However, SEM measures of
reliability generally did not meet acceptable levels; the single exception was the SEM for
PFS Physical Fatigability for the FM group (SEM% = 9.5). This indicates that for the PFS
Physical Fatigability Scale, one can expect a participant’s true score to fall within 9.5
percent difference of their observed score. Both measures were absent of floor and ceiling
effects across the three groups and for the full sample.

Item-level reliability was generally acceptable (Table 3). Notable exceptions for item-total
correlations were “Watching TV for 2 hours” and “Sitting quietly for 1 hour” for both the
Mental and Physical Fatigability scores. In addition, “Hosting a social event for 1 hour (not
including preparation time)” also did not meet the cutoff for item-total correlations for the
Mental Fatigability score. In addition, two items were just below the cutoff for the item-total
correlations (i.e. reliability was 0.69 for both): “High-intensity activity for 30 minutes
(jogging, hiking, biking, swimming, racquet sports, aerobic machines, dancing, Zumba)”
was below the cutoff for the Physical Fatigability score and “Participating in a social activity
for 1 hour (party, dinner, senior center, gathering with family/friends, playing cards, bridge)”
was below the cutoff for the Mental Fatigability score. Cronbach’s alpha according to the “if
item were deleted” method was generally acceptable except for “Watching TV for 2 hours”
and “Sitting quietly for 1 hour” for both scores.

In general, convergent validity was acceptable for the PFS Physical and Mental Fatigability
scores (Table 4). Both PFS scores exhibited moderate to strong correlations with fatigue and
physical function domains; however, the PFS Physical Fatigability score showed some
potential redundancy (r> 0.80) with PROMIS Fatigue and PROMIS Physical Function.
Discriminant validity of both Fatigability scores was supported by small to moderate
correlations with cognitive function, sleep, anxiety, and depression.

Known group validity was supported for both PFS scores (Table 5 and Figure 1). There were
significant differences between the three groups with regard to PFS Physical and Mental
Fatigability scores. For both Physical and Mental scores, the FM and MS groups each had
significantly higher scores than the healthy adult group, with large partial eta-squared effect
sizes for Physical (n2 = 0.44) and Mental (2 = 0.27) scores.

Discussion

This study examined the reliability and validity of the PFS in persons with two distinct
chronic conditions (FM and MS) and a group of healthy adults who were somewhat younger
than the initial development sample (Glynn et al., 2015). Internal consistency for the
different fatigability scores was excellent for the combined sample and good for each of the
subgroups (FM, MS, and healthy adults), providing support for reliability. Yet, the amount
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of variance between the predicted score and the true score generally exceeded a priori
criterion for all individual groups, as well as the combined sample (the exception was that
the Physical Fatigability score met the criterion for the FM group), suggesting a potential
area of concern with regard to reliability. Regardless, the PFS was devoid of floor and
ceiling effects.

An examination of item-level reliability suggested that the majority of the items were
performing as expected within the scale. Two items, “Watching TV for 2 hours” and “Sitting
quietly for 1 hour” did not appear to be strongly related to either the Physical or the Mental
Fatigability domains, and when these items were removed from each score, the reliability of
the overall measure improved, suggesting that these two items are not providing reliable
information about physical or mental fatigability. As such, these items are candidates for
exclusion from future versions of this scale, and users of this scale might consider
generating raw scores for each of these subdomains that do not include these items.

In general, convergent and discriminant validity of the PFS Physical and Mental Fatigability
scores was acceptable. First, there were moderate to strong correlations with other measures
of fatigue and physical function which was expected (supporting convergent validity). Yet,
the pattern of correlations was not always what was expected. For example, it was surprising
to see a stronger correlation between physical fatigability and cognitive fatigue (i.e. 0.64 for
correlation between PFS Physical Fatigability score and Fatigue Cognitive Impact), than
between mental fatigability and cognitive fatigue (i.e. 0.40 between PFS Mental Fatigability
Score and Fatigue Cognitive Impact). In addition, the strong correlations between physical
fatigability (i.e. the PFS Physical Fatigability score) and physical function (PROMIS
Physical Function) suggest a level of redundancy that was not expected, given that these are
related, but separate constructs. Regardless, discriminant validity for both PFS scores was
supported by small to moderate correlations with measures of sleep, anxiety, and depression.
Finally, known group validity of the PFS was supported, in that those individuals with
chronic conditions reported higher levels of physical and mental fatigability than individuals
in the health adults group. This finding is consistent with research that has supports that
persons with chronic conditions exhibit high levels of fatigability (Dobkin, 2008; Finsterer
and Mahjoub, 2014; Kluger et al., 2013; Sandvig et al., 2015). Taken together, while
findings are generally favorable and support the validity of the PFS, it is likely that the items
that are exhibiting poor reliability are likely having a negative impact on the psychometric
validity of the scale. More work is needed to determine if, with some minor adjustments,
such as the removal of these two potentially problematic items, the psychometric properties
of the PFS might be improved.

Study limitations

While this study establishes important reliability and validity data for the PFS, it is also
important to recognize several study limitations. First, this study relies solely on self-report
data and did not include any objective assessments of activity in the context of fatigue.
Future research should focus on understanding how this PRO data relate to objective
measures of fatigability and/or physical activity. In addition, respondents were primarily
Caucasian, women, and persons who were highly educated; thus, generalizability is
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somewhat limited with regard to racial/ethnic minorities, males, and persons with less
educational attainment. Furthermore, we did not match study participants in the different
groups; thus, differences in age, sex, and/or ethnicity may contribute to findings. The study
was also not designed to account for disease-specific characteristics that could impose
within-participant variability within a condition (i.e. disability level in MS).

Conclusion

Funding

The PFS generally demonstrates acceptable psychometric reliability and validity which
would support its clinical utility in persons with FM and MS, as well as in healthy adults.
Furthermore, the PFS is able to differentiate between individuals with FM and/or MS from
healthy adults. Additional work is still needed to examine test—retest reliability, as well as
change over time. In summary, this PRO provides an appropriate tool for assessing
fatigability in persons who may be at high risk for fatigue. Ultimately, this type of PRO
could be used to guide the timing and selection of therapeutic strategies to treat fatigue in
clinical practice or inform the timing of other important therapeutic interventions such as
exercise or physical therapy.
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Figure 1.
Average scores for the Pittsburgh Fatigability Scale Physical and Mental domains.
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